Abstract. The aim of the present study was to investigate the clinical benefit and side effects of propranolol treatment in 106 children with infantile hemangiomas (IHs). A retrospective chart review was conducted on all children who attended the clinic between September 16, 2009 and November 11, 2013. Propranolol was administered in a progressive schedule reaching 1.0-1.5 mg/kg/day, divided into three doses. Demographic data, clinical features, imaging, treatment regimens and outcomes were investigated. Any adverse effects following medication were evaluated and managed accordingly. Preliminary analysis of the data showed the inclusion of 106 children (71 female and 35 male) with a mean age and weight at onset of treatment of 5.1 months and 7.3 kg, respectively. All 106 patients responded positively to treatment. Side effects that required intervention and/or close monitoring included diarrhea (n=10), hypotension (n=7), nightmares (n=2), agitation (n=1) and cold extremities (n=1). No long-term adverse effects were observed in any of the patients. In conclusion, propranolol administered orally at 1.0-1.5 mg/kg/day had a rapid therapeutic effect for resolving IHs with few complications.
Introduction
Infantile hemangiomas (IHs) are soft-tissue neoplasms that commonly occur in infancy and affect 4-10% of children, with girls being more susceptible than boys (1) . At birth, the hemangiomas have an inconspicuous appearance; the lesions then undergo rapid proliferation, normally within the first year, and reach a plateau phase. When the child reaches ~2 years of age, many hemangiomas will begin a process of spontaneous involution (2) ; however, the majority of the affected children will exhibit telangiectatic cutaneous vessels, fibrous fatty tissue or scar formations as a residue of the lesion (3, 4) .
Traditionally, treatment options for IHs include watching and waiting, corticosteroids, laser surgery, cryosurgery, interferon-α, vincristine and surgical resection (5-7); however. a number of these interventions have significant drawbacks or side effects and are inconsistently efficacious (8) .
In 2008, Léauté-Labrèze et al (9) reported a notable response following the treatment of IHs with propranolol, a lipophilic, nonselective β-blocker that is widely used in pediatric cardiology for the treatment of numerous conditions, including cardiac dysrhythmias, hypertension, congestive heart failure and Tetralogy of Fallot (10) . This serendipitous effect of propranolol was described for two children with facial hemangiomas, following which numerous studies worldwide were initiated to investigate the use of propranolol therapy in children with hemangiomas (8, (11) (12) (13) (14) . Propranolol has subsequently been widely accepted as the first-line treatment for IHs; however, the optimal dosage and duration of treatment remain unclear. The aim of the present study, therefore, was to investigate the therapeutic effects of propranolol treatment and the associated side effects in 106 children with IHs.
Patients and methods
Patient selection. The present study was a retrospective review of the treatment of IHs with propranolol, which was provided by Tianjin Lisheng Pharmaceutical Co., Ltd. (Tianjin, China), between September 16, 2009 and November 11, 2013 at the Department of Aesthetic, Plastic and Burn Surgery of the Provincial Hospital affiliated to Shandong University (Jinan, China). For inclusion in the study, the following criteria were used: i) IHs were clinically diagnosed using criteria provided by the International Society for the Study of Vascular Anomalies in 1996 (15, 16) ; ii) infants aged >1 month of age; iii) propranolol administered for the treatment of IHs; and iv) follow-up period of >2 months. A treatment guideline was designed based on the known side effects of propranolol in collaboration with pediatric cardiologists, endocrinologists and dermatologists. All patients were treated as inpatients. Informed consent was obtained from the parents for the off-label use of propranolol and for the publication of the study. Ethical approval for the study was provided by the Medical Ethics Committee of the Provincial Hospital affiliated to Shandong University.
Protocol. All patients were subjected to the following protocol prior to propranolol treatment: Clinical examination with palpation (to evaluate the surface tension of the lesion), photography (to record the location, size and color of the hemangioma) and ultrasonographic examination (to determine the maximal thickness of the lesion). A GE Vivid 7 ultrasound system (GE Healthcare, Holten, Norway) was used for the ultrasonographic examination. Electrocardiology (cardiofax Q ECG-9130P; Nihon Kohden Corp., Tokyo, Japan), blood pressure (HEM-7071 digital automatic hemadynamometer; Omron, Kyoto, Japan), heart rate and blood glucose (SureStep™ blood glucose monitoring system; LifeScan, Inc., Milpitas, CA, USA) evaluations were also conducted for exclusionary purposes. The patient was excluded based on the criteria for electrocardiology, blood pressure, heart rate and blood glucose evaluation results shown in Table I and described below: i) any abnormality of an electrocardiogram confirmed by a pediatrician, ii) the diastolic and/or systolic pressure being lower than that in the table at different ages, iii) the heart rate being lower than that in the table at different ages or iv) the fasting blood glucose being <3.9 mmol/l or >5.6 mmol/l.
The starting dosage was 0.5 mg/kg/day, divided into three daily doses, and this was increased over a 4-day period to 1.0-1.5 mg/kg/day. During the first 5 days, blood pressure, heart rate and fasting glucose levels were monitored 1.5-2.0 h after starting the propranolol treatment. In the absence of side effects, treatment was continued at home, and the patients were re-evaluated after 2 weeks, followed by an evaluation once every 4-8 weeks. During treatment, the dose was adjusted for increased weight. At each clinic visit, the effect of the treatment was determined, and possible adverse events were documented. The criteria of propranolol withdrawal were as follows: Maximal improvement of lesion achieved (8) and/or the age of patients reached 13-15 months.
Results
Patient characteristics. Data for the demographics of the patients and the lesions are collectively summarized in Tables II and III, Table III . The mean duration of treatment was 8.8 months (range, 3-18 months). Of the 127 IHs, 16 (12.6%) were ulcerating at the time of the initial propranolol treatment. The anatomical region most commonly affected by ulceration was the head and neck (12/16, 75%). Other affected sites were anogenital (2/16, 12.5%) and the extremities (2/16, 12.5%). Seven patients had been treated with oral prednisone, 29 with intravenous pingyangmycin and 11 with pulsed dye laser therapy prior to receiving propranolol. No significant electrocardiogram or fasting glucose abnormalities were observed.
Effect of treatment with propranolol. All 106 patients demonstrated a rapid improvement following propranolol treatment. Between 1 and 4 weeks after treatment initiation, all of the lesions had changed in appearance from bright red to purple with areas of gray. Upon palpation, a considerable reduction in the tension at the surface was noted. Following a marked initial response to the propranolol administration, continued improvements in the color and thickness of the IHs were observed (Fig. 1) . Thirteen children remained on propranolol treatment at the time of manuscript preparation.
Side effects of propranolol treatment for IH.
Adverse effects associated with propranolol were suspected in 18 patients (17.0%, 18/106). Of those 18 children, 10 (9.4%, 10/106) developed transient diarrhea during their propranolol treatment and 7 (6.6%, 7/106) experienced transient asymptomatic hypotension during a propranolol loading dose (3-4 days after commencing treatment). In addition, parents reported nightmares in 2 infants (1.9%, 2/106), gastroesophageal reflux in 2 children (1.9%, 2/106), agitation in 1 patient (0.9%, 1/106) and cold extremities in 1 patient (0.9%, 1/106).
Discussion
In the present study, a rapid halt in lesion progression and evidence of regression in the majority of the examined IH cases were observed. The exact mechanism of propranolol action on IHs is poorly understood. Early effects are believed to originate from vasoconstrictive effects on the capillaries in the IHs. Intermediate effects are attributed to the decreased expression of vascular endothelial growth factor and fibroblast growth factor, resulting in growth arrest. Long-term effects may be caused by the apoptosis of capillary endothelial cells, resulting in tumor regression (17) .
In this retrospective study, 106 children treated with propranolol for IHs exhibited varying degrees of tumor regression. This, in combination with results from other published reports (17, 18) , suggests that propranolol can serve as a first-line treatment for IHs (12, (19) (20) (21) ; however, there is not a generally accepted consensus on the appropriate dosage of propranolol or the duration of treatment. Several reports have shown successful results with doses ranging between 0.5 and 4 mg/kg/day, administered in two or three divided doses (19, 20, 22) . In the present study, the mean dose of propranolol was 1.0 mg/kg/day (highest dose, 1.5 mg/kg/day), which was less than the average level used in other published reports (20, 21, 23, 24) . This dose of propranolol resulted in a rapid improvement for all patients examined. In order to avoid rebound growth, the optimal duration of propranolol treatment for IHs should cover the majority, if not all, of the proliferative phase. According to Chang et al (25) , the overall growth stage of IH is typically completed by 9 months of age, and involution begins at 1 year of age (range, 9-14 months). The criteria for propranolol withdrawal in the present study were therefore set to comprise the achievement of the maximal lesion improvement and/or an age of 13-15 months. Using these principles, no further rebound growth was observed.
Ulceration is the most common complication of IHs, possibly affecting 5-13% of children (1, 26) . It is typically painful and can lead to infection, bleeding and scarring, all of which may lead to functional problems and cosmetic disfiguration, affecting the quality of life of the infant and the infant's family. In this study, 16 (16/127, 12.6%) children had an ulcerating IH at the time of starting propranolol treatment. These children had received oral propranolol and concomitant wound dressings, and topical and/or oral antibiotics. Fifteen ulcers healed within a median time of 2.8 weeks (range, 2-4 weeks) with 1 outlier at 12 weeks. To date, the reported potential side effects of propranolol treatment for IHs have included hypoglycemia, bronchospasm, bradycardia, hypotension, hyperkalemia, gastrointestinal discomfort/reflux and fatigue; however, these adverse events are all rare at dosages <2 mg/kg/day (27) . In the present study, a dose of 1.5 mg/kg/day was optimal, whereas the incidence of complications in children markedly increased at a higher dose.
In 9.4% of patients (10/106), propranolol therapy was discontinued due to transient diarrhea during treatment, and treatment with an anti-diarrheic was required. Given that infantile diarrhea is common, further study is required to determine whether this is a true association.
Propranolol treatment was also associated with a decrease in blood pressure. Seven patients had transient asymptomatic hypotension that occurred during a propranolol loading dose (3-4 days after commencing treatment) and resolved following dosage reduction. In addition, 1 patient experienced cold extremities, which were resolved before the subsequent dose. Serious sequelae suggestive of organ hypoperfusion due to hypotension were not observed. In addition, parents reported the occurrence of nightmares in 2 infants, gastroesophageal reflux in 2 children and agitation in 1 patient; these side effects were all resolved before the subsequent dose.
In conclusion, the oral administration of propranolol (1.0-1.5 mg/kg/day) had a rapid therapeutic effect in all IH cases in the present study, with few complications. This approach could lead to the considerable shortening of the natural course of IHs. Further comparative, randomized studies are required to determine the safety and efficacy of propranolol.
